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COMPOSITE ETCHING STOP IN SEMICONDUCTOR PROCESS INTEGRATION 
BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relates to a method of 
metallization in the fabrication of integrated circuits, and 
more particularly, to a method of forming an improved etch 
stop layer for metallization in the manufacture of integrated 
circuits. 

(2) Description of the Prior Art 

In a common application for integrated circuit 
fabrication, a contact/via opening is etched through an 
insulating layer to an underlying conductive area to which 
electrical contact is to be made. A conducting layer 
material is deposited within the contact/via opening. The 
damascene and dual damascene processes have become a future 
trend in metallization. Trenches or vias and trenches are 
etched in an insulating layer. The trenches or vias and 
trenches are inlaid with metal to complete the contacts. In 
all of these processes, etch stop layers are required to 
accurately form the trenches and vias. A silicon carbide 
etching stop layer has a good copper diffusion barrier 
capability and a lower dielectric constant than silicon 
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nitride. Nevertheless, moisture resistance of the silicon 
carbide is worse than that of silicon nitride. Also, low 
dielectric constant (k) material to silicon carbide etching 
selectivity needs to be improved. 

U.S. Patents 6,127,262 and 6,209,484 both to 
Huang et al shows an etching stop and anti-reflective coating 
film comprising silicon oxynitride deposited using a PECVD 
ptocess. U.S. Patent 5,585,304 to Hayashi et al teaches a 
silicon carbide or silicon nitride etching stop in a 
transparent layer process. 

SUMMARY OF THE INVENTION 

A principal object of the present invention is 
to provide an effective and very manuf acturable method of 
forming a composite etching stop layer in the fabrication of 
integrated circuit devices. 

Anbther object of the invention is to provide 
a method of forming a composite etching stop layer wherein 
the top TEGS oxide layer prevents moisture attack to the 
bottom layer. 
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A further object of the invention is to 
provide a method of forming a composite etching stop layer 
having an improved selectivity of a low-k material to the 
composite etching stop material. 

Yet another object of the invention is to 
provide a method of forming a composite etching stop layer 
having a lowered dielectric constant. 

A still further object of the invention is to 
provide a method of forming a composite etching stop layer 
comprising a bottom etching stop layer and a top TEOS oxide 
layer. 

In accordance with the objects of this 
invention a new method of forming a composite etching stop 
layer is achieved. An etching stop layer is deposited on a 
substrate wherein the etching stop layer is selected from the 
group consisting of: silicon carbide^ silicon nitride^ SiCN, 
and SiOCN. A TEOS oxide layer is deposited by plasma- 
enhanced chemical vapor deposition overlying the etching stop 
layer to complete the composite etching stop layer. 

Also in accordance with the objects of the 
invention, a method for fabricating an integrated circuit 
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device using a novel composite etching stop layer is 
achieved. A composite etching stop layer is deposited 
overlying a substrate. An etching stop layer selected from 
the group consisting of: silicon carbide^ silicon nitride, 
SiCN, SiOGN, SiOC, and bis-benzocyclobutene (p-BCB) is 
deposited over the substrate. A TEOS oxide layer is 
deposited by plasma- enhanced chemical vapor deposition 
overlying the etching stop layer to complete the composite 
etching stop layer. A dielectric layer is deposited 
overlying the composite etching stop layer. An opening is 
etched through the dielectric layer stopping at the composite 
etching stop layer. The composite etching stop layer within 
the opening is removed. The opening is filled with a 
conducting layer to complete fabrication of the integrated 
circuit device - 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings forming a 
material part of this description, there is shown: 

Figs. 1 through .5 schematically illustrate in 
cross-sectional representation a preferred embodiment of the 
present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides a method for 
forming a composite etching stop layer in the fabrication of 
integrated circuits. The drawing figures illustrate a dual 
damascene metallization method in which the composite etching 
stop layer of the present invention is to be used. It will 
be understood by those skilled in the art that the process of 
the present invention is not limited to the embodiments 
described in detail herein, but may be used in any 
application in which such a composite etching stop layer 
would be advantageous. 

Referring now more particularly to Fig. 1, 
there is illustrated a portion of a partially completed 
integrated circuit device. There is shown a semiconductor 
sxibstrate 10, preferably composed of monocrystalline silicon. 
Semiconductor device structures, such as gate electrodes and 
source and drain regions, not shown, may be formed in and on 
the semiconductor sxibstrate. These semiconductor device 
structures are covered with an insulating layer such as 
silicon oxide. The silicon substrate, semiconductor device 
structures and insulating layer thereover are represented by 
10 in Fig. 1. A metal line 14, such as copper, aluminum, or 
the like, is formed within the substrate 10, contacting pne 
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of the semiconductor device structures, not shown. In the 
illustrated dual damascene process, a damascene opening is to 
be made to this metal line 14. 

The composite etching stop layer of the 
present invention adds a plasma- enhanced chemical vapor 
deposited (PECVD) tetraethoxysilane (TEOS) oxide layer 
overlying a conventional etching stop layer such as silicon 
nitride or silicon carbide. As shown in Fig. 1, a first 
etching stop layer 16 is deposited over the substrate 
surface. The first layer comprises silicon nitride, silicon 
carbide, SiCN, SiOCN, SiOC, or bis-benzocyclobutene (p-BCB) 
deposited by plasma- enhanced chemical vapor deposition 
(PECVD) or a spin-on method, for example, to a thickness of 
between about 200 and 600 Angstroms. Then, a second layer of 
TEOS oxide 18 is deposited over the etching stop layer 16 by 
PECVD at a lower temperature of less than about 450 *»C to a 
thickness of between about 150 and 500 Angstroms. This 
completes the composite etching stop layer 20. 

Now, a dielectric layer 24, composed of 
silicon dioxide or a low dielectric constant material is 
deposited over the composite etching stop layer 20 to a 
thickness of between about 3000 and 10,000 Angstroms. The 
low dielectric constant material layer 24 may comprise a 
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carbon-doped silicate glass, polyarylene ethers (PAE), 
polyimides, fluorine-doped silicate glass (FSG), and so on. 

An anti-reflective coating or hard mask layer 
26 is formed over the dielectric layer 24. This is covered 
with a photoresist mask, for example, not shown. A dual 
damascene opening is etched through the dielectric layer 24. 
For example, Figs. 2 and 3 illustrate a via-first dual 
damascene process. However, it will be understood by those 
skilled in the art that other dual damascene processes can be 
used. Furthermore, a single damascene process could be used 
to form the single damascene opening 30 illustrated in Fig. 
2. The process could be continued from that point to etch 
through the etching stop layer 20 and fill the single 
damascene opening. 

Fig. 3 illustrates the dual deuaascene opening 
30. Etching stops at the top layer 18 of the composite 
etching stop layer 20. 

Referring now to Fig. 4, the composite etching 
stop layer 20 is removed where it is exposed within the 
damascene opening 30. 
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Referring now to Fig. 5, a metal layer is 
formed within the dual damascene opening according to a 
conventional process. For example, aluminum or copper may be 
deposited within the opening 30 and polished to complete the 
metal inlay 40. Processing continues as is conventional in 
the art to complete fabrication of the integrated circuit 
device. 

The benefits of the composite etching stop 
layer of the present invention include the following: 

1) The composite etching stop layer has a lower 
dielectric constant. For example, a 500 Angstrom thick 
silicon carbide layer has a dielectric constant of 5. A 
composite layer having, a 250 Angstrom thick silicon carbide 
layer underlying a 250 Angstrom thick PE-TEOS layer has an 
effective dielectric constant of 4.5. 

2) PE-TEOS has better moisture prevention than silicon 
carbide (SiC) or SiOCN. The inventors performed a moisture 
resistance test on the composite etching stop layer of the 
present invention and on various other layers. The moisture 
resistance test structure comprised a 10,000 Angstroms 
fluorosilicate glass (FSG) layer; on a silicon wafer. The 
etching stop layers to be tested were deposited over the FSG 
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layer. For the moisture resistance test, the test wafer was 
subjected to a standard pressure cook test in a steam ambient 
at 110 and 280 atmospheres of pressure to test moisture 
penetration. Then an alloying step at 400 °C was performed 
to drive out the moisture. Si-F bonding was observed after 
this test. Normal Si-F bonding is 940 (cm-^) wavenumber 
(\Kiit of vibration energy). Si-F bonding has a vibration 
frequency depending upon the amount of water present. A peak 
shift in the vibration frequency can be observed when 
moisture passes through the etching stop layer, indicating a 
failure of the etching stop. 

Si-F bonding was measured after the test 
described above for each test wafer, as shown in Table 1. 

Table 1 

film bond before test bond after test shift 

FSG (no etching stop) 939.331 931.616 -7 715 

^ 939.331 931.616 -7! 715 

FSG + SxC 939.331 931.616 -7.715 

FSG + PE-TEOS 935.474 935.474 . 0.000 

FSG + PE-SiN 939.331 937.402 -1.929 

The first test wafer is one with no etching stop layer, as a 
reference. The next two test wafers use a PE-oxide capping 
layer or a silicon carbide etching stop. Both of these 
options show unacceptable shifts in Si-F bonding due to 
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moisture penetration. The fourth test wafer used the PE-TEOS 
cap of the present invention. This wafer showed no shift in 
Si-F bonding indicating no moisture penetration. The last 
test wafer had a silicon nitride etching stop. This layer 
showed minimal moisture penetration, but the dielectric 
constant of a silicon nitride layer is too high. 

A ranking of materials based on their moisture 
resistance is as follows: 

SiN -= PE-TEOS > Sic > SiCN "= si lane oxide 

The inventors also tested the moisture 
resistance of a patterned wafer. The test wafer has seven 
layers of metallurgy. . The dielectric layers comprised a low- 
k carbon-doped silicate glass. Metal width was 0.21 pm and 
spacing between metal lines was 0.2 vim. The metal lines were 
formed in a serpentine- comb structure. Line-line capacitance 
(in Faradays) was measured at the fifth metal level, after 
completion of plariarization of the seventh level 
metallization, after subsequently heating the wafer at 400 °C 
for two hours to dry any moisture in the atmosphere, and 
finally three days later. Table 2 illustrates the 
capacitance measurements for a wafer using silicon carbide as 
an etching stop (1) and for a wafer using the composite 
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etching stop of the invention - silicon carbide with an 
overlying PE-TEOS layer (2). 



Table 2 

wafer after CMP after heating after 3 days 

1 1.69 E-11 1.70 E-11 1.72 E-11 

2 1.48 E-11 1.48 E-11 1.46 E-11 



It can be seen from Table 2 that while capacitance increases 
for the conventional etching stop (wafer 1) by 5%, there is 
no increased capacitance for the composite etching stop of 
the invention (wafer 2), even after three days. 

3) The composite etch stop layer has comparable (or 
better) etching selectivity to silicon carbide. Using the 
same etching chemistry., the low-k material to etching stop 
material selectivity can be improved from 5 for silicon 
carbide to 5.5 for the composite etching stop layer of the 
invention. The via etching can easily stop at the PE-TEOS 
layer when etching carbon-doped oxides. The same refsult 
occurs for other iow-k dielectric materials. 

4) The process of the invention eliminates photoresist 
scum. A problem with silicon carbide is that the NH« base of 
silicon carbide can react with a photoresist material to form 
a "scum" of reactant material around the top of the damascene 
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opening. When the silicon carbide is capped with the TEOS 
layer, the NH« cannot, escape from the silicon carbide; 
therefore, the damascene openings are clear. 

The process of the present invention provides 
a composite etching stop layer comprising a PE-TEOS layer 
overlying an etching stop material. This composite layer is 
moisture resistant, has a better etching selectivity, has a 
lower effective dielectric constant, increases the etching 
process window, and covers more film variation than the prior 
art. 

While the invention has been particularly 
shown and described with reference to the preferred 
embodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may be 
made without departing from the spirit and scope of the 
invention. 

What is claimed is: 
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